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ABSTRACT 
The presence of an island is known to affect the marine environment in multiple ways 
depending on the size, shape, and particularly the topography of the island.  The 
dominant effect is seen in the atmospheric boundary layer through the significant change 
in surface roughness and land surface heating, while steep topography on a small island 
may affect large scale systems such as tropical cyclones.  In this study, we investigate the 
role of a small remote coral atoll, Diego Garcia, in the Indian Ocean in modifying the 
marine environment. Dropsonde measurements made near the island were used to 
identify the effects of Diego Garcia in wind reduction and moisture enhancement.  A case 
analysis was made using measurements from 04 December 2011 to quantify horizontal 
and vertical extent and the magnitude of the effects.   Additionally, high-resolution 
COAMPS simulations were used to examine the potential of using mesoscale model to 
quantify flow modifications by small islands.  COAMPS was able to simulate the wind 
reduction by the island, but could not quantify its effect on low-level moisture.  Finally, a 
comparison between the dropsonde nearby and rawinsonde measurements from the island 
reveals the deficiency of the island-based rawinsonde measurements in representing the 
marine environment.   
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I. INTRODUCTION  
A. MILITARY SIGNIFICANCE AND MOTIVATIONS 
1. Accurate Forecasting For Data Sparse Regions 
In recent years the funding constraints and capabilities of military weather 
forecasting have led to reorganization and restructuring of how meteorological, 
oceanographic, and other geophysical intelligence and mission specific products are 
generated and delivered.  The major change was a geographic reorganizing of forecasting 
commands and production centers in functional commands.  The Naval Meteorology and 
Oceanography Command (NMOC) shifted from a regional support structure to a mission 
specific support structure.  These changes along with reduced manning led to 
meteorological and oceanographic forecasting and tailored product support being 
centrally produced and delivered to military customers electronically.  This means that 
the forecaster is no longer travelling with the military unit and directly capable of 
obtaining or supervising observations for forecasting purposes.  Reliance on the internet 
and other electronic communications to obtain in-situ data of nearby sensors for use in 
the forecasting process has always been done but now the forecaster is not present and 
cannot obtain or verify the observations for the forecast location.  The in-situ data is 
invaluable for determining current conditions, validating model accuracy, and verifying 
previous forecasts.  When military units operate far from established meteorological 
sensing networks, especially far from continental shores, forecasters rely on models and 
use the nearest in-situ and most recent satellite observations to check model performance 
and produce the forecast.  The use of a surface observation from a remote island is a 
common if not required step in the forecast process for support to military units far from 
shore and established sensing networks.  Unless the islands impacts on the boundary 
layer and atmospheric processes is known the observed measurements can be used in 
error and accurate model prediction can be disregarded or vise-versa, leading to reduced 
forecast accuracy and potentially adverse mission impacts. 
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2. Strategic Importance of the Indian Ocean  
The Indian Ocean’s importance to U.S. foreign policy and military power 
projection is well known as it is adjacent to four key areas: the Middle East, Central and 
South Asia, and the Asia-Pacific region.  Furthermore, the Indian Ocean is a major goods 
and energy transit route, the location of much of the prepositioned military assets, the site 
of key inflection points, and multiple potential hotspots.  As stated in recent Quadrennial 
Defense Review, National Security Strategy, and Unified Command Plan, the strategic 
importance of the Indian Ocean is at the forefront of U.S. policy and is expected to grow 
significantly in the future (Erickson et al. 2010).  The Indian Ocean is also a data sparse 
region, making the few temporally consistent in-situ observations, such as those from 
Diego Garcia surface and upper air, invaluable.  Understanding of how the surface and 
upper-air in-situ measurements on or near islands are impacted by the presence of the 
island is critical for accurate forecasting and model performance.  An understanding of 
the impacts and limitations of in-situ observations from remote islands will improve 
forecasts and increase mission effectiveness, efficiency, and battle force safety.   
B. THESIS OBJECTIVES 
This work focuses on the modification of the Marine Boundary Layer (MBL) by a 
small island, Diego Garcia.  Primary questions center on what the island and lagoon’s 
presence has on low level wind, temperature and humidity, to what geographic extent the 
effects can be found, the variability of the effects, whether or not the presence and 
distribution of clouds are impacted, how to understand the larger marine environment 
from in-situ surface and upper air observations, and if high-resolution models are able to 
accurately account for the effects.  By identifying the geographic extent and magnitude 
that Diego Garcia and the lagoon has on the MBL, forecasters and modelers can 
determine the true conditions for a broader region and improve model skill and forecast 
accuracy.  These objectives are met by using mainly dropsonde measurements, 
augmented by rawinsonde, and aircraft based measurements during the Dynamics of the 
Madden-Julian Oscillation (DYNAMO) field campaign.  Dropsonde and aircraft 
measurements was based on a research aircraft operated by the National Atmospheric and 
Oceanographic Administration (NOAA), a WP-3D “Miss Piggy” (hereafter the P-3) and 
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is depicted in Fig. 1.  This observational study was further augmented with simulations 
using high-resolution Coupled Ocean Atmosphere Mesoscale Prediction System 
(COAMPS) model.  
 
Figure 1.   (a) A photograph of the P-3 in flight; (b) an image of the P-3 Orion aircraft built 
by Lockheed with some of the main atmospheric sensing instruments labeled and 
their locations identified. Both images are from the NOAA web site, 2012 
(Images from NOAA, http://www.aoc.noaa.gov/). 
C. SCOPE OF RESEARCH 
This thesis achieves research goals through the analysis of data obtained from 
research flights associated with the DYNAMO project that was conducted in November 
and December of 2011.  The intensive Observation Period of DYNAMO was conducted 
in a region from 8°S to 0.3°N latitude and 70.9°E to 80.5°E longitude.  A total of 468 
dropsondes were deployed with 47 dropped within a 100 km radius of Diego Garcia.  
Important variables used from the DYNAMO P-3 flights include the wind speed, wind 
direction, specific humidity, relative humidity, potential temperature, vertical velocity, 
and sea surface temperature (SST) data from on board instruments.  With the exception 
of SST and vertical velocity, the same meteorological data was collected from the 
dropsonde’s that were launched by the P-3 within 100 km of the island and the island-
based rawinsondes.  High-resolution simulations of COAMPS was also used to examine 
the effects Diego Garcia and the lagoon have on the MBL and limitations identified 
regarding the models forecast of the MBL near the island. 
This thesis will investigate the low-level vertical profiles of wind, temperature, 
and water vapor from soundings made close to the island and identify various 
(a) (b) 
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atmospheric layers, their specific structures, and determine how the MBL was affected by 
the presence of the island.  Statistical analyses and various graphic presentations will be 
used to quantify the island effects by comparing soundings close to the island and those 
from the open marine environment.  This thesis will also compare temporally coincident 
balloon rawinsonde soundings from the island to those from nearby dropsondes to 
illustrate the limitations of a rawinsonde launched from the small island in representing 
marine environment.  The key steps to be taken in this research project are identifying the 
land and water characteristics of Diego Garcia, dropsonde data processing, and analyses 
of meteorological parameters in light of the in-situ measurement’s location relative to 
Diego Garcia.  Further steps include analyses of aircraft based measurements, 
categorizing low-level layer structures for soundings close to Diego Garcia according to 
wind direction, temperature, and water vapor.  A case analysis for upwind and downwind 
dropsonde profiles was made to identify island effects, comparison of dropsondes with 
the island launched upsondes, and identification of upsondes limitations in representing 
the marine environment.   
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II. BACKGROUND 
A. THE INTERNAL BOUNDARY LAYERS 
The Internal Boundary Layer (IBL) is defined as air that is modified by flow over 
a surface of different characteristics (Stull 1988).  Since the new boundary layer is within 
an existing layer the term internal is added to denote the change in surface conditions and 
its effect on the new “internal” boundary layer.  In the situation where atmospheric flow 
is from a smooth to a rougher surface the air will slow down leading to horizontal 
convergence and upward motion.  The reverse is true as flow from rough to smooth will 
experience divergence at the surface and descending air.  In the latter case, frictional 
velocity decreases and turbulent kinetic energy (TKE) increases slightly at the border 
between smooth and rough surfaces.   The IBL grows downwind by entrainment and can 
be capped by an inversion or upper level subsistence.  With all of the changes associated 
with the new IBL the total effect will ultimately reach a new equilibrium level at some 
distance downwind of the border between the surfaces.  A specific type of IBL, the 
thermal internal boundary layers (TIBLs), is one example of many possible air mass 
modifications.  Should the surface change across a boundary include heat flux in addition 
to a roughness change, the IBL is further modified as a result of heat flux difference.  
Conceptual illustrations of and IBL and TIBL are pictured in Fig. 2.  A TIBL is found 
when the surface has differing albedos, temperatures, or emissivities.  A specific TIBL is 
the convective TIBL that develops when the flow is from a cooler surface to a warmer 
surface such as from ice pack to an adjacent liquid water body.  In Fig. 2a, it is seen that 
the TIBL extends further downwind from the surface property change.  When the flow is 
from warmer to cooler surfaces a stable TIBL develops that experiences a marked decay 
in turbulence from the increased static stability.  Some turbulence remains and is 
generated by shear near the surface or adjacent air masses.  Convective TIBLs have well 
defined mixed layer top while stable TIBLs do not (Mitsuta et al. 1986).   
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Figure 2.   (a) An illustration of a TIBL produced by diurnal heating (Matthews et. al 2007). 
The upwind profiles of potential temperature, specific humidity, and wind speed 
are shon on the left side of this figure; (b) an illustration of an IBL produced by 
surface roughness change (van Mook 2002).  Here, the IBL height is denoted at 
hi.b.l., d denotes the displacement height associated with the dense high elevation 
buildings.   
 B. ISLAND EFFECTS TO ATMOSPHERIC FLOW 
Although the IBL exists with the presence of significant surface property change, 
it is most frequently encountered in the vicinity of an island.  Matthews et al. (2007) 
identified three types of atmospheric circulation associated with islands of varying size 
and relief.  There is circulation around large islands with mountains such as Hawaii’s Big 
Island, many of the Aleutian Islands, and St. Vincent where mountains of significant 
height block atmospheric flow under typical conditions.  A second type of island 
circulation is found with other large islands that lack the topographic relief of the 
previously mentioned islands.  The third type of circulation is associated with small 
islands that are unable to produce significant sea and land breezes. However, the surface 
layer will adjust to the changes in surface forcing from roughness and heat fluxes that an 
island causes, which lead to downwind gradients of atmospheric parameters such as wind 
speed, air temperature, and humidity until a new equilibrium is reached at some distance 
down wind.  Such changes may be significant enough to produce convective clouds.   
Claussen (1987) also found that the IBLs can and do, for a short distance, affect the 
upwind atmospheric structure. 
Previous research into the interaction and impacts on the atmosphere due to the 
presence of a remote island has centered on Hawaii’s big island’s impacts on the structure 
(a) (b) 
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and path of tropical cyclones, wind and precipitation shadow, as well as oceanographic 
current wake.  Other extensive research on the island effect covered the Atmospheric 
Radiation Measurement (ARM) on Nauru in the Western Pacific and its modification of 
the boundary layer, specifically the presence of downwind convective cloud streets that 
reach up to 120 km.  There has also been extensive research and documentation of the 
urban heat island and its effects on boundary layers.  The following summarizes the 
specific island effects from the above-mentioned studies to illustrate the variety of 
responses of the atmosphere to islands of different properties.   
1. The Urban Heat Island Effect  
As reported by Arnfeld (2002) the enormously complex urban heat island (UHI) 
has been well documented and observed for decades.  Kim (1992) pointed out that the 
climate alterations were unperceivable prior to changes that commenced in urban growth 
after WWII.  The most obvious properties to promote changes in the energy budget of an 
urban environment are the roughness, albedo, and moisture availability.  Arnfeld (2002), 
Kim (1992), Stull (1988) and Sass (2012) identified UHI as due to albedo changes, 
anthropogenic heating, surface roughness changes, latent heat reduction, and atmospheric 
pollution such as aerosols and photochemical smog.  One of the main impacts of urban 
environment on the atmosphere is the establishment of a roughness sublayer where 
individual structures lead to wakes or plumes of heat, humidity and pollutants.  This 
effect is blended and damped with distance from the urban structures; however, the 
roughness sublayer can reach a depth that is several times higher than the highest 
structures in a particular urban environment (Arnfeld 2002).  Additional turbulence from 
the roughness sublayer also has a significant impact in the energy fluxes between the 
urban surface and the surrounding atmosphere.  Changnon (1981) also found that the 
prevalence of condensation nuclei from pollution along with a deeper mixed layer due to 
surface convergence and entrainment from turbulence led to precipitation events directly 
downwind of an UHI. 
One of the significant impacts of urban heat islands is the modified radiation 
budget and the subsequent differential heating.  Modern structural and urban codes 
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require the use of asphalt, concrete, and other non-porous building materials that have 
albedos and heat capacities that absorbs more incoming radiation and release the 
additional energy to the lower atmosphere through the sensible heat flux.  This leads to 
surface layer temperature increases compared to the countryside.  Figure 3 depicts the 
isotherms associated with an UHI during the daytime.  The high temperature over the 
urban area is apparent in this figure.  The UHI effect also experiences the diurnal cycle   
but is most pronounced at night when the country side cools quickly and the increased 
surface area and heat capacity of urban buildings leads to the radiative heating of the 
nocturnal surface layer.  Other UHI effects include enhanced turbulence, counter-rotating 
vortices on opposing sides of a city, and horizontal temperature gradients leading to wind 
speed increases (Draxler 1986; Balling and Cerveny 1987).  The increased longwave 
radiation due to the urban environment comes from increased warmth of the urban 
atmosphere, enhanced atmospheric emissivity from pollutants, and buildings heated by 
direct and indirect short-wave radiation.  Kim (1992) found the preferential heating of 
urban environments to be as much as 10°C as compared to nearby wooded areas.  Oke 
(1982), in addition to Katsoulis and Theoharatos (1985), related the UHI temperature 
difference to city size with small cities of 1,000 people only having a temperature 
differential of 2 to 3°C when compared to local countryside.   
 
Figure 3.   A depiction of the isotherms associated with an urban heat island (Image  from 
the Arbor Day Foundation at arbourday.org). 
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2. Island Effects on Tropical Cyclone Track and Intensity Modification  
Islands with topography may have significant upstream and downstream impacts 
on the boundary layer and beyond.  Chambers and Li (2011) found that the unique 
topography of Hawaii’s Big Island had significant impacts on atmospheric flow over and 
around the island.  Under typical wind conditions the Froude number associated with the 
Big Island indicates that it is blocking flow from going over the island.  The Froude 
number is often referred to as the ratio of inertial to buoyancy forces and can be 
expressed as 
    
  
     
 
Where M is the air parcel's mean wind speed, Nbv is the Brunt-Vaisala frequency and the 
width of the obstacle is WT (Stull 1988).  Low Froude numbers lead to the flow going 
around the obstacle due to blocking.  As the Froude number increases with stronger 
winds or weaker stability the flow is able to force its way over the obstacle and this can 
lead to mountain lee waves, lenticular clouds, boundary layer separation, or turbulent 
wakes downwind.  The ultimate conclusion Chambers and Li found from their idealized 
and real case tropical cyclone (TC) model simulations was a slowing of the track for 
storms approaching from the east.  TC’s that track to the south of the Big Island are 
deflected to the south.  Once in the lee of the island some TC’s have been shown to 
deviate to the north as they have entered the region where the big island wind shadow 
reduces the prevailing easterly trade winds.  Figure 4 displays the tracks for all TCs, 
tropical depressions, and tropical storms from 1947 through 1997 that passed within 200 
nautical miles of the Hawaiian Islands.  All together the Big Island acts as a protective 
shield to the smaller Hawaiian Islands for storms that approach from the east but may 
increase the danger to the smaller islands for storms tracking from the south.  This 
increased hazard was surmised by Chambers and Li (2011) from a case study of a more 
northerly track of Hurricane Dot in 1959 as it passed to the south of the Big Island that 
ultimately made landfall on Kauai.   
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Figure 4.   Tracks of all tropical disturbances passing within 200 nautical miles of the 
Hawaiian Islands from 1947 through 1997, from the State of Hawaii Government 
website at Hawaii.gov, 2012.   
3. Island Effects on Boundary Layer Measurements 
Islands have been frequently used as the bases for long-term monitoring of 
environmental parameters and the data have been frequently used to represent the marine 
environment nearby. During the mid-1990s the U.S. department of Energy (DOE) 
undertook a study of the global climate and a part of that study was the ARM.  The 
Nauru99 field project associated with ARM was carried out between June and July of 
1995 with the aim of increasing climate model parameterization of clouds and radiation 
by examining the island effect and relating the island-based measurements to data 
collected over the ocean (Matthews et al. 2007; McFarlane et al. 2004).  Nauru99 field 
project included the NOAA research vessels Mirai and Ronald H. Brown in addition to 
an Australian Cessna research aircraft.  There are now three ARM sites in the Tropical 
Western Pacific Ocean (TWP): Manus Island in Papua New Guinea, Nauru, and Darwin 
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in Australia.  It was found that the presence of Nauru, due to the roughness and increased 
heat capacity of the island as compared to the ocean environment surrounding the island, 
led to the development of a TIBL.  The roughness of the island reduced the surface layer 
wind speed while the buoyancy and convective mixing above the island increased the 
wind speed.  Matthews et al. (2007) concluded that the island generated a TIBL of 600 m 
in depth and this modified MBL was advected 15 to 20 km downwind of the island. In 
addition, the convection from the island produced long plumes of cumulus clouds.  
Matthews et al. (2007) surmised that convective rolls supported and continued the cloud 
plume downwind of the island with distance in excess of 100 km.  McFarlane et al. 
(2004) stated that the island heat plumes set up roll vortices that kept the cloud plume 
moving downstream and that orographic lifting was not a mechanism for cloud 
production.  A graphic of the Nauru island effect can be found in Fig. 5.  While there was 
a specific island-induced impact to the MBL, the Nauru99 experiment and the use of 
island based measurements for ARM was validated as the clouds only reduced the island 
based measurements of downwelling longwave radiation by 1 to 2%, which is less than 
10 W m
-1
.  Long and McFarlane (2011) were able to confirm conclusions from 
McFarlane et al. (2004) with five years of data and quantified the impact of the island-
induced clouds on Nauru measurements for   climate research.  They found an increase of 
low-cloud base height by 15-20% on Nauru, which occurred 11% of the time during 
daylight hours only.  The aggregate effect on downwelling shortwave radiation was 2% 
for daylight hours and half of that for the daily average.  Longwave radiation 
modification by the island-induced clouds was shown to be less than 2%.  It was also 
noted that the orographic lifting of the air parcels due to Nauru’s 60 m relief was not a 
factor in producing clouds.   
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Figure 5.   Conceptual picture of Nauru island effect from Long and McFarlane (2011).  The 
two sites identified are locations of continuing in-situ meteorological 






A. OVERVIEW OF DYNAMO  
1. DYNAMO Field Project. 
The goal of the DYNAMO project is to accelerate the understanding of key 
processes in Madden-Julian Oscillation (MJO) and especially the initiation of the 
oscillation.  DYNAMO was the field campaign of CINDY-2011 (Cooperative Indian 
Ocean Experiment on Intraseasonal Variability in Year 2011), which was an international 
project, running from October 2011 through March 2012, with Australia, India, and Japan 
participating (Zhang et al. 2011).  The motivation for the U.S. field research of the 
DYNAMO project was driven by the current problems in prediction skill for the MJO 
and the lack of skill for state-of-the-art global forecast models in handling MJO.  The 
lack of skill in global forecast models handling of MJO reduces their seasonal to 
interannual prediction statistics and confidence.  The design of the project was to collect 
observations required to test hypotheses of the structure and evolution of clouds, the 
interaction of the clouds with larger-scale environment, and air-sea interaction.  The three 
DYNAMO hypotheses are Hypothesis I: Deep convection can be organized into an MJO 
convective envelope only when the moist layer has become sufficiently deep over a 
region of the MJO scale; the pace at which this moistening occurs determines the 
duration of the pre-onset stage.  Hypothesis II: Specific convective populations at 
different stages are essential for MJO initiation.  Hypothesis III: The barrier-layer, wind- 
and shear-driven mixing, shallow thermocline, and mixing-layer entrainment all play 
essential roles in MJO initiation in the Indian Ocean by controlling the upper-ocean heat 
content and SST, and thereby surface flux feedback. 
 In-situ vertical profiles and sensing of the environment was accomplished with 
aircraft based measurements, dropsondes launched from the aircraft that will be discussed 
in depth in section B of this part, a radar network to include shipboard C- and W-band 
Doppler radars and an island network of radars, two ships and a network of moored 
sensors.  The measurements were taken from a trapezoidal shaped area bounded by Diego 
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Garcia in the southwest, the island of Gan in the Maldives just south of the equator to the 
northwest, the research vessel R/V Roger Revelle anchored to the northeast, and the 
research vessel R/V Mirai was anchored to the southeast. The geometry of the projects 
design can be seen in Fig. 6.  
 
Figure 6.   Depiction of the DYNAMO sounding array (Zhang et. al 2011). 
Data analysis of the in-situ meteorological and oceanographic measurements from 
the array of sensors, platforms, and locations mentioned above will be augmented with 
satellite data and model reanalysis to establish model boundary conditions and constraints 
in order to facilitate validation and evaluation of the models.  The project consists of four 
integrated sets of research: a field campaign, data analysis, modeling, and forecasting.   
The measurement plan for the DYNAMO field project was broken into three specific 
periods.  All of the observation periods started on 01 October 2011 with the special 
Observation Period (SOP) running through 09 November 2011, the Intensive Observation 
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Period (IOP) ended on 05 January 2012, and the Extended Observation Period (EOP) was 
scheduled to continue through 31 March 2013.   
 
2. Geography and Environment of Diego Garcia 
 
Figure 7.   (a) Map of the Indian Ocean (image from U.S. Navy, http://www.nctsdg. 
navy.mil/). (b) A large scale map depicting the Chagos Archipelago (Image from 
Mohonu, en.wikipedia).  Diego Garcia’s location is marked in both images.  
Diego Garcia is part of the British Indian Ocean Territory (BIOT) and is the 
largest land mass in the Chagos Archipelago in the equatorial Indian Ocean.  Diego 
Garcia’s specific location is 7°26’ south and 72°23’ east (-7.313S, 72.414E), which 
places it 1,200 miles south of the Indian subcontinent and 1,800 mile east of Africa.  Fig. 
7 depicts the location of Diego Garcia in the Indian Ocean and its relative size and 
location compared to the rest of the Chagos Archipelago.  The continuous portion of the 
Diego Garcia foot print shaped atoll is 64 km (40  mi) long and all but surrounds a lagoon 
that measures 21 km (13 mi) long and 11 km (7 mi) wide at its widest point with a 6 km 









) is the surface area of the lagoon.  The greatest depth 




(33 ft.) in depth.  The highest point on the island is the ever shifting peak of several dunes 
that range in height from 4.5 m to 9 m high (15 to 30 ft.).  Figure 8 shows the lagoon 
bathymetry and general shape and size of the island.  There is a fringing coral reef 
surrounding the ocean side of the island that is approximately four feet below mean sea 
level and 91 m wide (300 ft.).  There are portions of the coral reef that reach up to 198 m 
wide (650 ft.) and all told the reef’s surface area measures 35 km2 (14 mi2).  The ocean 
depth on the north and west side of Diego Garcia is limited by the Great Chagos Bank at 
1000 m (3300 ft.).  To the east and south the ocean depth drops off precipitously to 5,000 
m (16,400 ft.) or deeper with the north-south Great Chagos trench (U.S. Navy 2005; 
Stoddart and Taylor 1971).  Figure 9 shows the bathymetry surrounding Diego Garcia. 
 
 
Figure 8.   Nautical chart of Diego Garcia.  The blue-shaded region has a depth of 10 m or 
less. (Image from Maryland Nautical Sales, http://mdnautical.com/). 
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Figure 9.   1 Arc-minute resolution bathometric chart of the Indian Ocean surrounding Diego 
Garcia. Depth is in meters produced with data from Amante and Eakins (2009). 
The climate of Diego Garcia is distinctly tropical as the island is seven degrees 
south of the equator.  Light breezes dominate throughout the day as does sunshine, warm 
temperatures, and sporadic rain showers.  There is a dryer season from June through 
September that also sees slightly cooler temperatures.  The most rain falls during the 
December through February months.  The total annual rainfall is 260 cm (102 in.) with 
small cumulus clouds typically scattered throughout the area and an all but complete lack 
of fog.  The average daily temperature is fairly consistent year round at 27°C (81°F) with 
slightly cooler temperatures during the dryer June through September months and slightly 
higher temperatures in December, January, and February.  The wind varies with the wet 
and dry seasons.  The winds during the first four months of the year are predominately 
westerly or northwesterly at 5-10 m s
-1
 (10 to 20 knots).  Following a two month 
transitional period with light and variable winds, the months of June through September 
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see slightly stronger southeasterly winds of 8-12 m s
-1
 (15-24 knots).  October through 
December again see a transition of the wind from the southerly trades to the 
northwesterly and westerly.  Diego Garcia is within the south equatorial current all year 
and as such the ocean temperatures remain between 26° and 28°C, and do not experience 
a wide seasonal change (U.S. Navy 2005; Forecaster’s Handbook 2002; and Stoddart and 
Taylor 1971). 
B. DROPSONDE DEPLOYMENT 
Testing of Hypotheses I and II of DYNAMO requires accurate profiles of 
atmospheric parameters such as moisture, temperature, wind speed and direction.  These 
vertical profiles, which capture the large-scale structure of the atmosphere through the 
sounding network, can be reliably measured by the use of soundings from aircraft-based 
dropsondes, island/ship-based upsondes, and remote sensors such as lidars or wind 
profilers.  In order to capture the large-scale atmospheric structure DYNAMO utilized the 
P-3 and GPS Vaisala dropsondes in addition to GPS upsondes being launched four times 
a day from the four corners of the project area mentioned above during the IOP and eight 
times a day during the SOP.  The specific upsonde used at the surface locations was the 
Vaisala RS92 GPS sondes with MW31 ground station processing subsystem operating on 
Digicora III software.  In order to capture a more complete picture of the synoptic scale 
atmospheric structure increased soundings from other Indian Ocean locations was 
included as part of DYNAMO’s field project.  The addition sounding locations were from 
the Seychelles, Cocos, Darwin, and DOE’s ARM site at Manus. 
The dropsondes used were the RD94 GPS dropsondes that measure the 
temperature, pressure, relative humidity, wind speed and direction while falling from the 
launch altitude to the surface.  Figure 10 show a picture and conceptual drawing of a 
dropsonde.  As reported by Hock and Franklin (1999) decent rates for a dropsonde 
changes depending on the altitude.  The maximum launch altitude is 14 km and this 
calculates to a 15 minute decent duration.  For the DYNAMO project dropsondes were 
launched from either 22,000 ft or 10,000 ft with initial fall velocities of 18 m s
-1
 and 15 m 
s
-1
 respectively.  With the square-cone parachute, the fall velocity at sea level is about 12 
m s
-1
.  The Wind speed and direction is measured four times a second (or 4 Hz) using 
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GPS receiver and custom firmware.  The pressure, temperature and humidity are each 
measured two times a second (or 2 Hz).  Due to the fall rate and temporal resolution, 
typically the last pressure measurement registered and transmitted by a dropsonde is 
within 6 m above the surface.  Dropsondes require specialized launchers for pressurized 
and non-pressurized aircraft and require equipment to receive and process the data 
onboard the aircraft.   
 
  
Figure 10.   (a) A picture of the Vaisala RD94 GPS dropsonde. (b) An exploded view of a 
dropwindsonde (Images from Vaisala, http://www.vaisala.com/ and NASA, 
http://earthobservatory.nasa.gov/ respectively). 
The flights of the P-3 were conducted during the IOP and consisted of 12 flights 
in all for 105 flight hours.  Ten of the flights were for research specific goals with the 
initial flight for testing and the last flight for calibration.  The test and calibration flights 
were flown in accordance with the two primary goals of DYNAMO, convective and 
boundary layer process, and as such the flight can be divided into six boundary layer 
(a) (b) 
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centric flights and six convective centric flights.  Figures 11 and 12 illustrate the flight 
paths of the respective investigation goals. 
 
 
Figure 11.   Flight tracks of the six convection centric flights.  The flight dates are  given 
in the legend in yyyymmdd format. 
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Figure 12.   Flight tracks of the six boundary layer centric flights.  The flight dates are  given 
in the legend in yyyymmdd format. 















test of flight level sampling, 
dropsonde, BT/CTD, and radar 
NW of DG; convection sampling 
NW of DG 




gradient and air-sea 
interaction close to 
Revelle 
large-scale sampling DG to 
Mirai (D/B), Mirai to Revelle 
(D),  and Revelle to DG (D/B); 
BL sampling west of Revelle 
03:12 - 12:34 
1 FVS (53),1 
FFM (71), 2 LSS 
(229) at 10000', 1 
LSS (106) at 






South of DG for convection, 
large scale survey west of DG 
(D/B), towards center of SDA 
(D), center of SDA to Gan (D), 
and Gan to DG (D), Dropsondes 
near SPol 
04:06 - 13:02 
1 FFM (56), 1 
RCE (43), 3 MP 
(14), 1 LSS (97) 
at 10000', 3 LSS 
at 25000' (114), 1 





BL in suppressed 
phase with small 
cumulus, large-
scale variability 
BL towards center of SDA, 
large-scale variability from 
center of SDA to DG (D) 
03:43 - 12:29 
5 FVS (371), 1 
LSS at 25000' 
(53), 2-level turb 





systems in onset 
phase of MJO and 
large scale 
variability 
Convective sampling at the 
equator midway between Gan 
and Revelle, large-scale between 
N-S median of SDA (D), 
diagonal of SDA, and near DG 
(D) 
02:06 - 12:08 
1 RCE (44), 2 
FLX (101), 3 MP 
(16), 1 LSS at 
10000' (90), 2 
LSS at 25000' 
(129), 1 FD (14), 





systems in onset 
phase of MJO 
Convection southwest of 
Revelle, large scale variability 
along the Revelle, Gan, and DG 
triangle (D), dropsondes near 
SPol 
01:28 - 11:17 
2 RCE (102), 1 
FLX (39), 1 MP 
(11), 3 LSS 
25000' (186), 1 
FD (22), 1 Gan 






gradient and air-sea 
interaction close to 
Revelle 
BL over Revelle, large-scale 
transits diagonal of SDA in the 
morning and afternoon (D/B/C) 
03:15 - 12:53 
1 FVS (65), 1 
FFM (68), 2 LSS 
at 10000' (248), 2 
FD (35), 1 RB 












BL sampling in moderate 
westerly wind condition E and 
SE of DG 
02:07 - 11:22 
1 FVS (48), 1 
FFM (102), 1 
DAS (88), 1 
DCE (55), 1 SI 
(96), OH (181) 
35 28/15 
20111130 
Spatial variability in 
precipitating 
convective systems 
convection S of DG near 14OS 01:36 - 11:33 
1 DCS (93), 1 
RCE (44), 1 FLX 
(51), 1 MP (10), 
1 DCE (218), 1 







sea interaction in 




BL sampling NE of DG 02:02 - 12:07 
2 FVS (145), 1 
FFM (103), 1 SI 
(103), 1 DAS 
(93), LSS (173) 
43 51/4 
20111208 







Convection S of Gan, 
dropsondes at SPol, large-scale 
survey between Gan and DG 
(D/B partially) 
04:27 - 12:11 
5 RCE (164), 2 
LSS (124), 1 FD 
(24), 1 Gan drop 











During the 12 DYNAMO P-3 flights there was a total of 468 dropsondes 
launched with only two of the dropsondes that failed to process during the data analysis 
of this thesis; this yields a failure rate of less than one-half of 1%.  Figure 13 depicts all 
of the location of the 468 dropsondes that were launched from the DYNAMO P-3.  Table 
1 lists the date, objective, flight times, and dropsondes launched for each of the 12 flights 
conducted during the IOP of the DYNAMO field project.  Of these 468 dropsondes only 
47 were launched within 100 km of Diego Garcia and are of interest regarding the effect 




Figure 13.   Locations for all 468 dropsondes from 12 DYNAMO flights.  The flight  dates 




Figure 14.   The 47 dropsonde locations within 100 km of Diego Garcia.  The numbering is 
sequential starting with the first dropsonde on research flight #1 and going 
through the 468
th
 from the last flight of DYNAMO.  The black X on the western 
side of the island, just north of dropsonde #403, is the location of the end of the 
runway which was used for distance measurements.  It is also within 200 m of the 
tent city from where the rawinsondes were launched. 
C. DROPSONDE DATA QUALITY  
Hock and Franklin (1999) reported on the accuracy and reliability of 
dropwindsonde’s pressure, temperature, and humidity (PTH) measurements.  The 
dropsondes use a more rugged temperature sensor, the RS-80, which has reduced 
sampling frequency leading to a lag in temperature measurements.  This lag, 
approximately 1°C above 500 mb, is more pronounced at high altitudes where the 
dropsonde falls at a faster rate.  This error is correctable to within 0.2°C by using a 
conversion formula in post processing.  The pressure sensor has a small bias due to the 
flow velocity passing the static port of the pressure sensor.  This bias is approximately 1-
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2 mb at the surface and post processing can correct for this error by applying a systematic 
0.4 mb correction.  This brings the pressure accuracy up to 0.5 mb with a resolution of 
0.1 mb.  It takes approximately 0.5 s for the dropsonde to accomplish the PTH 
measurements and with a fall rate of 12 m s
-1
 at the surface the final observed 
measurement that is transmitted before splashdown will be between 4-10 m height.    The 
use of a GPS receiver with the dropsondes has provided wind accuracies of 0.5-2 m s
-1
 
with vertical resolution of approximately 5 m.  The precision of the wind measurements 
approaches 0.2 m s
-1
 which is a considerable improvement over previous, non-GPS 
equipped dropsondes.  The success rate reported by Hock and Franklin (1999) for the 
wind sensors was 95%. 
All commercial dropsondes are equipped with two humidity sensors to facilitate 
quality control and accuracy of the humidity measurements.  Wang (2005) reported the 
under-utilization of humidity data in Hurricane forecasting due to a dry bias on the order 
of 5 to 20% reported in previous studies.  Some of the dry bias can be attributed to the 
age of the dropsondes or the manufacturer of the dropsondes. One manufacture, Flacon, 
had dropsondes that consistently showed an 8% dry bias during an extensive field study 
in 2002.  There have also been issues with contamination bias due to packaging material, 
bulk head, and the outer tube.  When a dropsonde is launched it can be colder or warmer 
than the ambient atmosphere and must reach equilibrium with the atmosphere and start 
recording accurate changes in the temperature and humidity.  Other error sources include 
the known humidity time lag error associated with sensor wetting or icing.  The sensor 
wetting and icing is expected when a dropsonde exits a cloud and the moisture has built 
up on the sensor and must evaporate leading to erroneous readings for a short distance.  
Ultimately, Wang (2005) found that there were no systematic dry biases found in 
dropsonde humidity data but that time lag errors do exist when a dropsonde enters or 
exits a cloud.  Hock and Franklin (1999) reported PTH success rate of 98%  
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IV. ANALYSES AND RESULTS 
A. SOUNDINGS USED TO QUANTIFY ISLAND EFFECTS 
The atmospheric profiles of meteorological parameters were divided into 
categories regarding their location and low-level, defined for this thesis as the lowest 500 
m, wind direction relative to Diego Garcia.  The three options relative to position and 
wind direction were upwind, downwind, or offset from the island if the wind direction 
was skew to the location of the profile and the island.  The profiles that were offset from 
the island regarding wind direction were taken to be representative of the marine 
environment.  A figure depicting each of the dropsondes mean location and the mean 
wind speed and direction can be found in Fig. 15.   
The low-level structures of the atmosphere as characterized by the vertical 
profiles obtained during the DYNAMO field project are in general consistent with 
maritime tropical environment.  Figure 16 shows a typical sounding depicting the MBL 
and its top.  There was an abundance of moisture and temperature was very high though 
the day and night.  The surface air temperature ranged from 298° to 303°K (~25°C to 
30°C) and was consistent within that range throughout the day and the DYNAMO field 
project region.  The depth of the MBL can be clearly seen on potential temperature 
profiles that ranged from 200 to 800 m.  With a few exceptions, the relative humidity was 
consistently at or above 80% for each vertical profile.  The wind profiles of the 
DYNAMO domain showed a great deal of variability of the wind speed and direction 
throughout the air column that was captured by the dropsondes.  Most of the wind speed 
profiles did have a logarithmic reduction in the surface layer due to frictional interaction 
with the surface.  There were also ample examples showing the presence of low-level jets 





Figure 15.   DYNAMO dropsondes within 100 km of Diego Garcia with wind barbs 




Figure 16.   Typical vertical variations of (a) potential temperature; (b) water vapor specific 
humidity; and (c) wind speed from DYNAMO dropsonde measurements.  This 
dropsonde measurement was made on 08 December.  The horizontal black line 
marks the top of the MBL. 
1.  Moisture  
One of the distinct features in the DYNAMO sounding profiles was a significant 
increase in specific humidity in the lowest 25 to 150 m of the atmosphere.  This increase 
in moisture was not confined to the area around islands but was found throughout the 
DYNAMO field project area.  This low-level moist layer will be referred to as the 
'moisture toe'.  An example of this moisture toe can be seen in Fig. 17 from dropsonde 
#5, where the specific humidity (q) increases from a 300 meter well-mixed column of 
18.1 g kg
-1
 of water vapor to 18.9 g kg
-1
 in the lowest 40 m.  Of the 47 dropsondes of 
interest to this thesis there were eight profiles that did not display a moisture toe or any 
moisture increase in the lowest level of the atmosphere.  One of these was an afternoon 
(a) (b) (c) 
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profile just downwind of the island where extensive turbulence mixing happened due to 
surface buoyancy from the diurnal heating of the island and the increased surface 
roughness.  Overall the increased moisture in the lowest level of the atmosphere averaged 
0.54 g kg
-1
 with an average depth of 107 m for the enhanced moisture layer.  The 
maximum moisture increase was 1.4 g kg
-1
 that reached a depth of just over 200 m.  In 
examining the moisture profiles from dropsonde deployment designed to study the island 
effects, it was clear that some of these moisture layers were associated with the presence 
of the island.  However, with the limited number of samples, it was difficult to relate the 
moisture features from the rest of the soundings to a particular location or a specific 
atmospheric/oceanic phenomenon.  It was also difficult to quantify the enhanced moisture 
layer characteristics, such as its depth and magnitude of moisture enhancement, due to 
the small difference in specific humidity compared to the moisture aloft.  In the following 
discussion, we will focus only on the measurements from 04 December, 2011, where the 
soundings were made at the same time with spatial coherence.   
 
Figure 17.   Vertical profile of specific humidity for Dropsonde #005, launched 11 November.  
(a) The full sounding from drop altitude of 3,000 m; (b) the profile of the lowest 
300 m highlighting the moisture toe.   
(a) (b) 
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2.  Wind 
The wind speed profiles showed significant variability, but can be categorized 
into three specific categories.  Fig. 18 shows examples of profiles in each category:  a 
layer of reduced wind speed between the surface and some altitude (Fig. 18a), low-level 
elevated jets (Fig. 18b), and a surface-based layer of wind speed enhancement.  There are 
some soundings (15%) where there was no discernible wind speed layer.  These four 
types of wind layering will be referred to as a reduced layer, low-level jet, enhanced 
layer, and indeterminate layer, respectively. In Fig. 18a, a layer of lower wind speed can 
be seen in the lower 100 m compared to the wind speed above.  Figure 18b show a 
prominent wind maximum at about 100 m above the surface with significant shear below; 
and an apparent wind speed increase in the lowest 40 m is seen in Fig. 18c.   
 
Figure 18.   Three vertical profiles of wind speed depicting specific categories of wind layers.  
The horizontal axis across the top and the blue color corresponds to wind speed in 
m s
-1
 and the horizontal axis across the bottom and red color corresponds to 
specific humidity in g kg
-1
.  (a) An example of a wind reduction layer; (b) an 
example of a low-level jet; and (c) an example of an enhanced wind speed layer.  
(a) (b) (c) 
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Based on Monin-Obukhov similarity theory of the surface layer (Monin and  
Obukhov 1954), it was expected that the wind speed profiles decreases towards the 
surface (log wind profiles in neutral conditions), which explains that over 50% of the 
wind profiles show low-level wind reduction (25 out of the 47 profiles).  The profiles 
with a low-level jet were almost exclusively associated with offset locations: 6 out of the 
eight such profiles were offset and the other two were upwind.  The surface-based wind 
speed enhancement layer was also a dominate feature of offset profiles with only one of 
the seven enhanced layer profiles not being offset.  The occurrence of the four types of 
wind speed profiles are summarized according to their locations relative to Diego Garcia 
and wind direction (Fig. 19), where the upwind, downwind, and marine categories were 
based on mean wind direction in the lowest 500 m.      
  
Figure 19.   Statistics of the four types of low-level wind profiles observed near Diego  Garcia.  
Figure 19 reveals the association of the near surface wind reduction with relative 
location to Diego Garcia.  In each of the categories the reduced layer is the dominate 
feature as expected.  However, it can be clearly seen in the downwind category that all 

















downstream wind profiles is thus apparent.  In the upwind category there was more 
variability but half of the profiles exhibited a reduced layer with two instances of a low-
level jet, one enhanced layer, and three indeterminate profiles.  The profiles 
representative of the marine environment saw considerable variability with a reduced 
layer dominating but almost equal cases with a low-level jet or and enhanced layer.   
B.  DIURNAL VARIATION OF SEA SURFACE TEMPERATURE IN THE 
LAGOON 
The wind effects on the MBL because of Diego Garcia were expected and have 
been demonstrated in numerous previous studies on island effects.  What is unique to 
Diego Garcia is the increase in moisture at the lowest levels, which is related to the 
diurnal variability of the water temperature in the lagoon to be discussed in this section.  
The lagoon is very shallow with a maximum depth of 25 m and approximately half of the 
lagoon depth is less than 10 m.  The lagoon’s surface area as discussed previously is 124 
km
2
 and it is 90% enclosed by the 64 km (40 mi) continuous atoll.  This essentially 
makes Diego Garcia a water island.  During the day, the lagoon is able to heat up faster 
and retain this heat due to the minimal communication with the open ocean.  One of the 
DYNAMO measurement modules, used for the calibration of the P-3’s Reigal scanning 
surface wave lidar, allowed for detailed SST measurements of the lagoon and 
neighboring open ocean.  An example is shown in Fig. 20.  In the morning hours the 
lagoon was found to be 0.75°C warmer than the ocean to the west and south (Fig. 20a).  
The SST in the afternoon was found to be 1.5°C warmer (Fig. 20b).  The landing legs of 
the flights also afforded an opportunity to use the remotely sensed SST from the aircraft 
to compare SST from the afternoon open ocean east of the island to the lagoon’s SST.  
There was more variability with these measurements but the minimum increase of the 
lagoon's SST in the afternoon was 1.5°C with several cases of over 2°C.  Figure 21 
displays the SST variations during the landing legs of several research flights.  It is 
evident from this figure that the lagoon temperature was higher than the ocean surface to 
the east side.   The higher SST in the lagoon should contribute to the enhanced surface 
fluxes of sensible and latent heat and thus moisture and heat plumes, all of which 
contributes to enhanced development of a TIBL.   
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A few heat plumes over Diego Garcia were sampled by the P-3 during landing 
descents.  For each of the SST and potential temperature heat plume measurements care 
was taken to ensure that the data was reliable.  Only SST readings on straight flight with 
an altitude less than 500 m were used to avoid moisture contamination of the remotely 
sensed SST.  The landing profiles were checked to verify that there was no data used 
during turns or from an altitude greater than 500 m and that the temperature spikes were 
not correlated to the aircrafts speed or altitude/attitude angles.  Examples of the profiles 
from takeoff and landing are shown in Fig. 22.  Due to the very specific and required 
glide path of the P-3’s landing profile, distance and height during landing were linearly 
correlated.  As such, one can use the descent sounding to identify the nominal horizontal 
size of the island plumes.  Figure 22a shows temperature spikes on the order of 1 to 
1.5°C; these plumes have a horizontal span of appropriately 1-2 km.  In contrast, the 
potential temperature profiles during the morning takeoff do not have significant 
temperature spikes; nor do the profiles away from the island.  These findings suggest the 
effect of island-related heating and convective plumes later in the day.    The same 
sounding in Fig. 22a is regenerated in Fig. 22b to illustrate the horizontal scale of the 
slant-path sounding and that the temperature spikes are not associated with the airspeed 
of the aircraft.     
 
Figure 20.   SST measurements during the Reigal scanning surface wave lidar (RBS) 
calibration runs. (a) SST from the morning RBS run with RF07; (b) and (c) SST 
from the afternoon RBS runs with RF05 and RF12, respectively.   
 
(a) (b) (c) 
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Figure 21.   SST measurements during landings of research flight (counterclockwise starting 




Figure 22.   (a) A comparison of potential temperature profiles in the morning ascent and 
afternoon descent of RF08, depicting the heat plumes from Diego Garcia in the 
afternoon; (b) the potential temperature variation (blue) from the same afternoon 





corresponding airspeed (red) of the P-3 is also shown in (b).     
C. THE ISLAND EFFECTS FROM CASE ANALYSES 
Part of the mission objectives for DYNAMO RF10 on 04 December, 2011 was to 
capture the effect Diego Garcia has on the MBL and assess its impact on using the island-
based measurements to represent the open ocean environment.  On this day the synoptic 
conditions were dominated by mostly clear skies with a few, isolated, areas of convection 
that were extensively sampled by the P-3.  The wind was persistently from the NW at 
11.7 m s
-1
 with a maximum gust of 16.9 m s
-1
.  Sea level pressure was 1007.0 hPa and the 
high and low temperature for 04 December 2011 was 31.4°C and 26.7°C respectively.  
Far to the southwest of Diego Garcia is a weak tropical cyclone.  The MJO during this 
research flight was active with enhanced convective activity centered across the Maritime 
continent.  The MJO is expected to suppress rainfall over Africa and the Indian Ocean for 
the next one to two weeks. 
  
Figure 23.   (a) Visual satellite cloud images at the beginning and (b) an IR satellite image 
near the end of the RF10 on 04 December 2011.  These images indicate the 
evolution of cloud conditions during the flight.  The flight track (magenta), 
DYNAMO domain (yellow), the location of the P-3 (red dot), and UTC+6 local 
time (red text) are shown.  The GMT (z) time of the satellite image is in the upper 
left corner. 
There were two passes over the island, one in the morning and one in the 
afternoon.  The flight passes over the island were flown directly along or against the 
(a) (b) 
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prevailing low-level wind speed direction in order to capture the upwind and downwind 
variability and examine the modification of the MBL by the presence of Diego Garcia.  
There was an attempt to fly a single pass over Diego Garcia on RF12 (13 December, 
2011), but the direction of the wind changed by over 90 degrees from the upwind to the 
downwind profile.  This rendered comparison of the upwind and downwind profiles 
unsound for determining and examining the island effect.   
Figures 24 and 25 depict the wind speed and specific humidity profiles from the 
morning and afternoon passes over Diego Garcia from RF10.  The wind speed reduction 
and moisture enhancement in the vicinity of Diego Garcia in the afternoon profiles are 
clearly visible.  Although the magnitude of wind speed reduction by Diego Garcia does 
not change considerably from the morning to afternoon profiles, the horizontal and 
vertical extent of the wind speed reduction does.  In the afternoon the wind speed 
reduction can be seen between approximately 20 km upwind and 50 km down wind, and 
the depth of the effect increased from 200 m to 600 m.  The presence of Diego Garcia, 
especially the lagoon, also increased the low-level water vapor between approximately 15 
km upwind and 25 km down wind, and up to a depth of 400 m. 
 
Figure 24.   Contour plot of wind speed from dropsondes profiles upwind and downwind of 
Diego Garcia for the (a) morning and (b) afternoon of 04 December, 2011.    The 




Figure 25.   Same as in Fig. 24, except for specific humidity.     
Although Figs. 24 and 25 are beneficial in revealing the overall modification of 
the low-level profiles by Diego Garcia, some of the details of the up/down-stream 
development of the low level wind and thermodynamic profiles cannot be seen due to the 
coarse vertical resolution from interpolation.  Figures 26 and 27 show the individual 
vertical profiles from each dropsonde measurements using the original vertical resolution 
of about 6 m.  The six panels in Fig. 26 show the progressive development of the low-
level moisture between 27 km upwind and ~60 km downwind.  However, the last profile, 
~60 km downwind, has significantly more water vapor to a much greater depth than all 
the previous five profiles.  It is probable that this profile represents a precipitation event 
and is not characteristic of Diego Garcia’s island effect.  Figure 28 is a plot of all the 
specific humidity profiles together for easy quantitative comparison.  It is seen in the 
morning profiles (Fig. 28a) that the two downwind profiles (12 m and 31 km) show slight 
moisture increase compared to soundings upwind or further away downwind (49 km 
downwind).  The soundings labeled 'marine' in this figure is from the environment within 
100 km of Diego Garcia.  It shows a similar moisture structure to the profile 60 km 




Figure 26.   Specific humidity profiles from DYNAMO dropsondes launched on the morning 
of 04 December, 2011.  (a) and (b) are profiles 27 km and 13 km upwind of the 
island respectively.  (c), (d), (e), and (f) are profiles 12 km, 31 km, 49 km, and 60 
km downwind of the island respectively.  A reference line at 18 g kg
-1
 is given in 
all profiles to highlight the magnitude of moisture in the profile.   
The impact of Diego Garcia on the moisture profiles are much more apparent in 








one with lower moisture of about 19.4 g kg
-1
, one with higher moisture of about 20 g kg
-1
.  
The high moisture group is from 14 km upwind and 12 and 27 km downwind, while 28 
km upwind and 42 km upwind profiles show similar water vapor content to the two 
profiles in the marine environment.  Clearly, the presence of Diego Garcia modifies the 
moisture profiles within 14 km upwind and 27 km downwind, but does not exceed 28 km 
upwind or 42 km downwind.  The more significant impact in the afternoon hours has to 
do with both the increased surface temperature of the lagoon and the heating of the land 
strip that enhanced surface moisture flux and turbulence mixing within the island plume. 
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Figure 28.   Low level moisture profiles for the (a) morning and (b) afternoon of 04 
December, 2012. Locations of the dropsondes relative to the island are given in 
the legend.  The profiles labeled marine are from drops away from the Diego 





V. COAMPS SIMULATION OF ISLAND EFFECTS 
A. OVERVIEW OF COAMPS SIMULATIONS 
The Coupled Ocean and Atmospheric Mesoscale Prediction System (COAMPS
®
) 
is the US Navy's operational mesoscale forecast model.  COAMPS is fully-compressible 
primitive-equation atmospheric model which is solved on a staggered Arakawa C grid.  
Due to the extremely small scale resolution of COAMPS and its mesoscale purposes it is 
non-hydrostatic.  Operational uses of the model have used horizontal resolution as small 
as 0.5 km.  The vertical coordinate system is sigma-z.  The Navy Operational Global 
Atmospheric Prediction System (NOGAPS) supplies the boundary conditions used by 
COAMPS.    
COAMPS simulations were made in the vicinity of Diego Garcia to identify the 
model's capability in depicting the effect of the small atoll island and its lagoon on the 
MBL.  Five nests (Fig. 29) were used with increasing resolution starting with 40.5 km in 
an area centered on Diego Garcia and approximately 30°×30° in latitude and longitude.  
Subsequent nests were of 13.5 km, 4.5 km, 1.5 km, and 0.5 km resolution. Of note, Diego 
Garcia and the lagoon is not large enough to be resolved in the first three nests and is 
only partially resolved in nest four.  Nest five does fully resolve Diego Garcia and the 
lagoon and has 205×205 grid points in a 1°×1° box at 0.5 km resolution.  The vertical 
discretization for each nest was up to 30,000 m and consisted of 60 levels with the 
majority of those levels below 5,000 m and 24 levels below 1,250 m.  The model was 
cold started from 00z on 02 December, 2011 with 12-hr updates and conventional 
meteorological data and ocean data assimilation performed.  The dropsonde data from the 
DYNAMO field project was not included in the data assimilation dataset.   
Four simulations were made for the purpose of this study:  a control run with the 
full model (control), the full model with Diego Garcia removed from the land surface 
data (no-DG); a dry island run with Diego Garcia but without the moisture processes 
(Dry), and a model run without either Diego Garcia or moisture processes (no-DG/Dry). 
The Dry simulations were made with the cumulus parameterization and moist process 
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turned off.  However, by default, cumulus parameterization is not performed in 
COAMPS when the grid resolution is less than 10 km. Therefore, for nests 3, 4, and 5, 
the Dry runs essentially had the microphysical process turned off.   
   
Figure 29.   (a) The five COAMPS nests centered over Diego Garcia; (b) the vertical  levels 
setup in COAMPS simulations for this work.     
 
B. WIND EFFECTS FROM DIEGO GARCIA 
The effects of Diego Garcia on the wind field are shown by the differences 
between two pairs of simulations: the Control and No-DG simulations, and the Dry and 
no-DG/Dry simulations, shown in Figs. 30 and 31.  The difference between the Control 
and No-DG simulations reveals the island effect with full model physics.  Because of the 
small domain size of nest 5, development of convection at scales greater than 50 km 
cannot be realistically represented in this domain. Therefore, the simulations with full 
moisture physics in the Control and No-DG runs are likely affected by the unrealistic 
convective field.  As a result, the island effects when averaged over the lowest 500 m 
cannot be clearly identified (Fig. 30a).  However, the island effect in wind reduction near 
(a) (b) 
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the surface is apparent in the simulated difference shown in Fig. 31a.  The largest 
reduction is seen over the island with a magnitude of about 2 m s
-1
.   
The two simulations without moisture physics were designed to isolate the effects 
of the island only (Figs. 30b and 31b).  The wind reductions downwind of Diego Garcia 
are clearly seen in the mean wind speed as well as in the 10-m wind in both figures.  The 
effect of the island can be seen ~60 km downwind, although the significant modifications 
are seen ~20 km downwind.  These results are consistent with the findings from 
dropsonde measurements discussed in the previous chapter.     
 
 
Figure 30.   Differences in mean wind speed of the lowest 500 m from the inner-most domain 
of COAMPS simulations between (a) no-DG/Dry and Dry simulations; (b) No-
DG and Control simulations.  The results shown are the analyses field at 00 UTC 
on 04 December, 2011.  The horizontal arrow at the lower-right corner denotes 
the magnitude of the wind vector at 1 m s
-1




Figure 31.   Same as in Fig. 29, except for 10 m wind.     
C. MOISTURE EFFECTS FROM DIEGO GARCIA 
The wind effects from the presence of Diego Garcia were expected and COAMPS 
was able to capture the downwind wind reduction.  However, the moisture effects are 
unique with Diego Garcia and its lagoon and COAMPS simulations are not expected to 
represent the moisture enhancement seen from the dropsonde data.  The major reason that 
COAMPS was unable to model the low-level moisture increase was due to the model’s 
inability to resolve the preferential diurnal heating of the lagoon in what was 
characterized previously as the water island.  Figure 32 displays the ground temperature 
control over 12 hours starting at 00z on 04 December 2011.  The diurnal variation of the 
ground temperature of the land strip can be well represented.  However, the stand-alone 
COAMPS cannot represent the diurnal heating of the shallow lagoon because the SST 
was only updated every 12 hours and there were no measurements in the lagoon.  It was 
discussed in the previous chapter that the main cause of moisture enhancement over the 
island was the additional evaporation from the heated lagoon in the afternoon.     
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Figure 32.   Ground temperature control from 00z to 12z.   
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VI. REPRESENTATION OF UPSONDE FROM DIEGO GARCIA 
FOR MARITIME ENVIRONMENT 
While it is desirable to use the rawinsonde measurements from Diego Garcia to 
represent the greater marine environment, the upsonde profiles need to be used with 
caution due to the modification of the island landmass on the lower atmosphere as 
demonstrated by Matthews et al. (2007) and McFarlane (2004).  Because of the unique 
features of the different islands, their effects can vary significantly, thus it is a challenge 
to make corrections for the island effects.   
The measurements of the island effect study on Diego Garcia on 04 December 
2012 were coordinated with ground-based rawinsonde measurements. A comparison of 
the dropsonde and the rawinsonde measurements are shown in Figs. 33 to 35 for specific 
humidity, wind speed, and potential temperature, respectively.  The morning sounding for 
specific humidity have higher surface water vapor than the marine environment by 1 to 2 
g kg
-1
.  This difference will persist up to 150 m above the surface or until the balloon was 
out of the island plume, which measured the marine environment.  In the afternoon, the 
balloon sounding seemed to track the island plume until ~250 m height, and sampled 
much larger specific humidity than any dropsonde in the marine environment.  It is likely 
that this particular rawinsonde went through a convective cloud near Diego Garcia while 
the dropsondes in the marine environment were in the non-convective region. From many 
dropsonde measurements in DYNAMO, we have found significant spatial variability in 
moisture on days with convective activities.   
The comparison of the island based wind measurements with those from the series 
of dropsondes at different upwind/downwind distances shows clearly the wind reduction 
over the island.  In the morning soundings (Fig. 33a), two profiles showing wind 
reduction are the rawindsonde from the island and the dropsonde at 12 km downwind.  
The island-based wind profile saw a reduction layer up to about 150 m above the surface 
with significant low-level wind shear.  At 12 km downwind, the wind shear is reduced 
somewhat from the island while the layer of wind reduction is deeper, to ~250 m above 
surface. In the afternoon soundings, all three soundings in the vicinity of the island (over 
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the island, 14 km upwind, and 12 km downwind) show clear signs of wind reduction up 
to about 200 m above the surface with the island sounding depicting a slightly shallower 
layer of significant wind reduction. As discussed in Chapter V, the wind reduction 
upwind is confined to the lowest 200 m, while that downwind extended much higher, up 
to about 600 m.  The island sounding shows the weakest wind of all soundings, which 
seems to be consistent with the reduction layer from the rest of the downwind soundings 
extending to 42 km downwind. 
 The potential temperature profiles from all soundings show significant spatial 
variability in the vicinity of Diego Garcia.  The consistency among all soundings is in the 
vertical gradient of the potential temperature profiles, with the exception of the sounding 
made from the island by rawinsonde.  In the morning hours, the upsonde potential 
temperatures indicate a strongly stable thermal stratification up to about 150 m above the 
surface. In the afternoon, extremely unstable stratification was observed in the lowest 50 
m above the island by the balloon sounding. It is not clear, though, whether the layer 
above was affected by the island due to the substantial spatial variability seen from the 
upwind, downwind and marine environment.     
 
Figure 33.   Specific humidity profiles of dropsondes and the island-based rawinsonde (thick 
black line) measurements on 04 December, 2011.  Locations of the dropsondes 
relative to the island are given in the legend.  (a) and (b) show the morning and 








Figure 35.   Same as in Fig. 32, except for potential temperature. 
(a) (b) 
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VII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
FOR FUTURE IMPLEMENTATION 
A. SUMMARY AND CONCLUSION 
The presence of Diego Garcia in the tropical southern Indian Ocean creates a 
distinctive effect on the MBL.  While typical island effects and surface layer dynamics 
were observed in the wind field characteristics upwind, downwind, and in the greater 
DYNAMO field project domain, moisture effects from the preferential diurnal heating of 
Diego Garcia’s lagoon was unique.  The lagoon’s diurnal SST heating as compared to the 
open ocean surrounding Diego Garcia is on the order of 1 to 2°C.  The wind field upwind 
and downwind of Diego Garcia is reduced and this can be felt approximately 10 km 
upwind, 20 km downwind, and 200 m vertically in the morning.  The range of the wind 
effects increase during the day and the island effect of a reduced layer of wind extended 
to 20 km upwind, 50 km downwind, and up to 600 m vertically in the afternoon.  The 
magnitude of the wind speed reduction was not much different than in the morning as 
compared to the afternoon but the ranges were greatly increased.  The moisture increase 
from the water island that is Diego Garcia’s lagoon is due to solar heating of the top layer 
of the lagoon during the day.  It was found that Diego Garcia’s island effect is minimal in 
the morning regarding water vapor.  In the afternoon, however, Diego Garcia’s lagoon 
put a considerable amount of water vapor into the lower atmosphere that was mixed 
higher downwind.  The specific humidity increase due to Diego Garcia was on the order 
of 0.75 to 1.5 g kg
-1
 higher than the marine environment away from the island and 
lagoon.  In the afternoon the specific humidity from Diego Garcia affects the atmosphere 
in similar upwind and downwind ranges, but extends lower to approximately 500 m 
vertically.  COAMPS modeling of the effect Diego Garcia has on the MBL captured the 
wind reduction in the inner-most domain only with a grid resolution of 500 m.  Attempts 
to model the moisture effects from Diego Garcia was unsuccessful due to the multi-scale 
moisture processes introduced by tropical convections and the limited coverage of the 
simulation domain in order to define the footprint of the small island.  
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The effects of the Diego Garcia atoll are found to be different from all other 
islands discussed in previous studies.  With Hawaii’s big island, the predominate effect is 
seen in modifications of TC intensity and track due to the flow blocking, wind shadow, 
and other large synoptic scale interaction with the island's outstanding topography.    
Nauru is a small island with little relief but the significant contrast in surface properties 
contribute to roughness change and diurnal heating, which has profound impacts on the 
boundary layer.  The combination of modifications to temperature and specific humidity 
by Nauru produced a cloud street in the tropical environment that can exist up to 120 km 
downwind of the island.  For Diego Garcia the low relief and presence of the lagoon lead 
to the predominate boundary layer modification of moisture plumes in the lower levels up 
and downwind of the island.  It is possible that such changes in the low-level 
thermodynamics can lead to downstream cloud formation.  However, extensive clouds 
associated with the island effects have not been identified during the DYNAMO field 
measurement period.    
B. RECOMMENDATIONS 
The study of the effects of Diego Garcia in modifying the marine environment 
provides the foundation of evaluating the data quality of the island-based measurements 
in representing the MJO development.  To help better quantify this issue, future research 
can benefit from more accurate measurements of the diurnal heating of Diego Garcia’s 
lagoon as compared to the neighboring ocean and tracking the moisture plumes to 
determine if the increase water vapor has an effect on precipitation or clouds streets 
downwind.  More cases with the island effect foci should also validate conclusions from 
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